INTRODUCTION
Hypertension is common among patients with chronic kidney disease (CKD) and diabetes mellitus. In this population hypertension increases risk for kidney disease onset and progression and cardiovascular (CV) morbidity and mortality. Diabetic nephropathy is the most common cause of CKD in those with diabetes and is the leading attributable cause for incident end stage renal disease (ESRD) in the United States (US). The mechanism of hypertension in diabetic nephropathy is complex, incompletely understood, and includes excess sodium retention, sympathetic nervous system (SNS) and renin-angiotensinaldosterone system (RAAS) activation, endothelial cell dysfunction (ECD), and increased oxidative stress. Both non-pharmacological and pharmacological interventions, including RAAS antagonists, are critically important in the management of hypertension in diabetic nephropathy. The purpose of this article is to examine the pathophysiology of hypertension in diabetic nephropathy and the clinical trials that support the implementation of strategies aimed at these pathophysiologic mechanisms. Evidence from prior and very recent clinical trials in patients not on dialysis is reviewed. Management of hypertension in patients on dialysis is an important topic that is beyond the scope of this review, but has been well reported previously (1) .
DIABETES AND KIDNEY DISEASE-DIABETIC NEPHROPATHY Epidemiology
Diabetic nephropathy is characterized by hypertension, progressive albuminuria, glomerulosclerosis, and decline in glomerular filtration rate (GFR) leading to ESRD. Hypertension in the setting of diabetes is defined as a systolic blood pressure ≥ 130 mmHg or a diastolic blood pressure ≥ 80 mmHg. Diabetic nephropathy is the leading cause of ESRD in the US with an adjusted incidence rate of 158 per million (2) . The risk of CKD is higher in patients with type 1 (DM1) than type 2 diabetes (DM2), but the overall absolute number of patients with DM2 and nephropathy is greater. Self-reported diabetes is associated with a prevalence of CKD of 8.9% (stage I), 12.8% (stage II), 19 .4% (stage III), and 2.7% (stage IV and V combined); the overall odds ratio of having CKD for a diabetic patient is 2.51 (CI 2.07-3.05) (3) . Diabetic nephropathy is not the only cause of kidney disease in diabetic patients, but certain characteristics strongly support this diagnosis. Renal biopsy, the gold standard for establishing the etiology of kidney disease, is not commonly performed in patients with diabetes; instead it is usually reserved for those in whom a nondiabetic cause is suspected. When diabetic retinopathy coexists with albuminuria, the likelihood of diabetic nephropathy is very high and suggests the presence of the specific pattern of nodular glomerulosclerosis, the so called Kimmelstiel-Wilson lesion (4) . Guidelines state that CKD can be attributed to diabetes in the presence of macroalbuminuria (>300 mg/24 hr) or the presence of microalbuminuria (30-300 mg/24 hr) in the context of diabetic retinopathy or a history of diabetes exceeding 10 years (5) . Lack of retinopathy, lack of autonomic neuropathy, and presence of albuminuria at the time of the diagnosis of diabetes all suggest a non-diabetic etiology for persistent albuminuria in diabetic patients (6) .
DIABETIC NEPHROPATHY AND HYPERTENSION Epidemiology
Hypertension is approximately twice as prevalent in patients with diabetes compared to the general population (7) . In DM1, hypertension typically occurs in patients with microalbuminuria or overt nephropathy (8) . Estimates of the prevalence of hypertension in normoalbuminuric patients with DM1 are varied; older studies using the definition of hypertension as 160/95 mmHg showed a prevalence of 19% (9) . One larger Danish cross sectional study including over 1700 diabetics and 10,000 controls showed that in patients with DM1 and without micro or macroalbuminuria, the prevalence of hypertension (again defined as 160/95 mmHg) was similar to that of the general population (3.9% vs. 4.4%) (8) . Of note, subjects with DM1 in the latter study were younger on average than those in the former, which may explain the lower prevalence of hypertension. However, a "non-dipping" nocturnal blood pressure pattern in normoalbuminuric DM1 patients predicts future microalbuminuria, possibly identifying high risk patients before the onset of kidney disease (10) . In the visit before microalbuminuria occurred, elevated daytime systolic blood pressure (either office or ambulatory) was still not present. Genetic factors also play a role in the association of hypertension with microalbuminuria based on blood pressure analysis of family members of diabetic patients with microalbuminuria (11).
In DM2, hypertension commonly exists prior to kidney disease. The common risk factors for glucose intolerance and hypertension (i.e. obesity) may explain this association. In one study, 58% of patients with newly diagnosed DM2 (without proteinuria) already had hypertension, with other studies showing as high as 70% (12, 13) . Diabetes duration does not increase the incidence of hypertension, although the presence of impaired kidney function does. Hypertension leads to further progression of kidney disease and contributes to the increased incidence of CV disease in this population.
The above studies overall suggest that microalbuminuria precedes hypertension more commonly in DM1 than DM2. In either scenario, worsening renal function further contributes to elevated BP. The prevalence of hypertension in diabetic nephropathy increases at each stage of CKD, approaching 90% for ESRD patients (14) . Individual susceptibility to renal disease and hypertension likely involves the combination of metabolic and hemodynamic disturbances that are commonly shared by most diabetics, as well as genetic determinants that further dictate each patient's vulnerability. Some genes may increase susceptibility, while others may be renoprotective. It is not clear whether these genes determine the incidence of diabetic nephropathy specifically or just the vulnerability of renal disease in general in the context of an additional risk factor such as diabetes. The reader is directed to other reviews for further details on this topic (15, 16) .
Etiology
Multiple factors contribute to increases in blood pressure and hypertension in patients with diabetes and nephropathy. The major causes of hypertension in both DM1 and DM2 include volume expansion owing to increased renal sodium reabsorption and peripheral vasoconstriction owing to dysregulation of factors that regulate peripheral vascular resistance ( Figure 1) . Activation of the RAAS, upregulation of endothelin1 (ET-1), upregulation of reactive oxygen species, and downregulation of nitric oxide (NO) conspire to produce hypertension in this setting. Importantly, many of these pathogenic factors have local non-hemodynamic effects that can accelerate kidney disease and CV disease among patients with diabetes and kidney disease.
Renin-Angiotensin-Aldosterone System-Angiotensin II (Ang II) is responsible for many of the actions of the RAAS. Ang II binds to angiotensin type 1 (AT1) receptors in many tissues causing vasoconstriction in vascular smooth muscle cells (VSMC), increased sodium reabsorption at the renal proximal tubule, and stimulation of aldosterone release from the adrenal cortex. These actions of Ang II in addition to aldosterone-stimulated sodium reabsorption in the collecting duct serve to increase vasoconstriction, sodium reabsorption, and hence blood pressure. In addition to these effects, Ang II also increases production of superoxide by activation of NADPH oxidase in the systemic vasculature, heart and kidney (17) .
Although levels of plasma renin activity (PRA) are suppressed or similar in diabetics compared to controls (18, 19) , there is evidence that intrarenal RAAS activity is increased in diabetes. Increased Angiotensin Converting Enzyme (ACE) is expressed in the glomerulus and renal vasculature of rats with streptozocin induced diabetes (20) . The enhanced presence of glomerular ACE has also been noted in humans with DM2 and nephropathy (21, 22) . Although baseline PRA is not elevated in patients with diabetes, RAAS activity is poorly suppressed with sodium loading and is considered to be inappropriately elevated given the volume expanded state that occurs in diabetes (19) . Pharmacologic interventions that inhibit production of Ang II or block AT1 receptor that target the RAAS are a cornerstone in the treatment of hypertension in patients with diabetic nephropathy (see Management section below).
A recent development in the association of RAAS with diabetic nephropathy has been the discovery of ACE2, a homologue to the ACE. ACE2 binds Ang I, converts it to Ang 1-9 (instead of Ang II), and converts Ang II to Ang 1-7. Unlike Ang II, Ang 1-7 has vasodilatory, antifibrotic, and natriuretic effects (23) . Differences in renal ACE2 levels have been detected in hypertensive humans compared to controls. Furthermore, animals with streptozocin induced diabetic nephropathy have decreased renal expression of ACE2 (24) . As more is learned about the association of ACE2 with hypertension and diabetic nephropathy, it may become possible to earlier identify diabetic patients at high risk of developing kidney disease.
Sodium Balance-Sodium balance undoubtedly also plays a large role in the hypertension seen in diabetics with renal disease. Patients with diabetes have increased total exchangeable body sodium even in the absence of increased systemic RAAS activity (25) . In early diabetes, the increased renal RAAS activity may enable increased sodium reabsorption independent of GFR. It is hypothesized that this is a response to the osmotic diuretic effects of tubular hyperglycemia, and that the typical increase in GFR seen in early diabetes defends against this sodium avid state (26) . Sodium loading does not appropriately suppress systemic RAAS in DM2, enabling hypertension to occur in the context of a high sodium diet (19) . Sodium sensitivity occurs in patients with DM2 (27) and is associated with albuminuria (28) . Insulin reduces renal sodium excretion independent of serum glucose levels (29) . This may further explain the increased prevalence of hypertension prior to onset of DM2, rather than DM1. As GFR progressively declines, the kidney's ability to excrete sodium and water further diminishes. Volume sensitivity persists as a mechanism that facilitates further sodium excretion at the expense of higher blood pressure in the context of a sodium load (30) . Continued exposure to sodium may also induce changes in the VSMC that allow hypertension to persist (31) .
Sympathetic Nervous System Activity-Increased SNS activity is an important mechanism contributing to the pathogenesis of hypertension in patients with diabetic nephropathy. For example, the nocturnal blood pressure elevations which precede microalbuminuria are believed to be manifestations of autonomic neuropathy, another microvascular complication related to hyperglycemia (32, 33) . A pattern of sustained adrenergic activity associated with high nocturnal blood pressure also occurs in patients with DM2 and nephropathy (34) . Nocturnal heart rate patterns are abnormal in hyperinsulinemic non-diabetic individuals, suggesting insulin resistance as a possible link between SNS activation and hypertension (35) .
Endothelial Cell Dysfunction-The actions of the RAAS are complemented and counterbalanced by substances released from vascular endothelial cells. Endothelial cell dysfunction involves imbalances in the production or function of endogenous vasoconstrictors and vasodilators. Endothelial cells contain nitric oxide synthase (NOS), which produces NO from L-arginine. NO induces VSMC relaxation and vasodilatation. ET-1 is also released from the endothelium, and induces vasoconstriction by binding to endothelin A receptors on VSMC. The presence of asymetric dimethylarginine (ADMA), a competitive inhibitor of NO production, reduces the amount of NO available to cause vasodilatation. Reactive oxygen species also impair the vasodilatory action of NO. The net effect of the imbalance of these systems in diabetic nephropathy is sustained vasoconstriction.
Asymmetric dimethyl argininine. (ADMA):
In a study of healthy human subjects, ADMA infusion increased both blood pressure and total peripheral resistance (36) . This study also confirmed that ADMA is metabolized via dimethylarginine dimethylaminohydrolase (DDAH). Increased ADMA levels are seen in patients with DM2 (37), patients with CKD, and those with ESRD (38) . Elevated levels are associated with CV events in DM1 patients with nephropathy and ESRD patients (39, 40) . Animal studies in partially nephrectomized rats show that elevated ADMA levels correlate with systolic blood pressure and suggest the responsible mechanism is decreased DDAH activity (41) . Although decreased renal clearance could explain ADMA accumulation in patients with ESRD, it is not clear why DDAH is downregulated in CKD.
Endothelin-1:
ET-1 is a potent vasoconstrictor produced in the vascular endothelium that induces vasoconstriction upon binding to ETA receptors in VSMC. Insulin can increase endothelial production of both NO and ET-1 through separate pathways. The insulin resistance in DM2 results in a selective increase in ET-1, but decreased NO production (42) . Elevated ET-1 levels are found in DM2 patients, as well as in patients with CKD (43, 44) . In CKD, administration of endothelin receptor antagonists (particularly ETA) result in blood pressure reductions, implicating its role in clinical hypertension (45) . A discussion of a trial involving one of these drugs in diabetic nephropathy is included later.
Nitric Oxide:
The exact role of NO in the pathogenesis of hypertension in diabetic nephropathy is less well defined. Intrarenal levels of NO and various isoforms of NOS are increased in the early hyperfiltration stages of kidney disease in diabetes, but decrease as disease progresses to overt diabetic nephropathy (46) . Rats rendered diabetic by streptozotocin demonstrate an aggravated blood pressure response to chronic L-NAME, an eNOS inhibitor, infusion as compared to non-diabetic rats (47) , suggesting that in early stages of experimental diabetes, blood pressure control is highly dependent on NO.
Oxidative Stress-Hyperglycemia is believed to be one of the causes of increased oxidative stress in diabetes (48) . CKD itself is also a state of high oxidative stress associated with increased oxidative species and decreased antioxidant defenses (49, 50) . Partial nephrectomy in animals results in increased levels of oxidative stress markers and decreased excretion of NO, but reductions in blood pressure occur after administration of antioxidants (51) . In experimental animal models of DM2 with histologic evidence of early nephropathy, urinary markers of oxidative stress were seen along with increased peroxynitrite (52) . Oxidative stress is influenced by and affects the mediators of both RAAS and ECD to further contribute to hypertension enhanced vasoconstriction ( Figure 2 ).
When exposed to Ang II, cultured VSMC demonstrate increased activation of NADH/ NADPH oxidase (53) . Chronic Ang II infusion also resulted in increased superoxide production via NADH/NADPH oxidase during in vivo experiments in rats (54) . Reductions in oxidative stress markers correlated with albuminuria reductions in diabetic patients treated with an angiotensin receptor blocker but not with a thiazide diuretic (55) . With this accumulation of evidence of the impact of Ang II on oxidative stress, including in humans, RAAS inhibiting agents are a promising tool to alleviate the effects of oxidative stress.
Endothelial Cell Dysfunction: NO synthesis is impaired when BH4, a cofactor for eNOS, interacts with ROS. Even when NO can be produced, NO-ROS interactions result in peroxynitrite production. The formation of this radical decreases NO availability and propagates more oxidative stress through production of other ROS. Furthermore, the activity of DDAH is impaired by oxidative stress. ET-1 can increase the production of ROS through an NADPH oxidase pathway in DOCA-salt hypertensive rats, establishing another relationship between oxidative stress and ECD (56) .
Autoregulatory Impairment-In healthy kidneys, the autoregulatory functions of the afferent arteriole via a myogenic reflex and the juxtaglomerular apparatus via tubuloglomerular feedback serve to maintain constant glomerular pressures despite variations in systemic blood pressure. When these mechanisms are impaired, such as in diabetic nephropathy, elevated systemic blood pressure are directly transmitted to the renal microvasculature and glomeruli (57) . The ultimate consequences are glomerular hypertension and activation of local mediators that induce inflammation, fibrosis, and further injury. This hemodynamic stress is further accentuated in diabetic nephropathy by inducing up regulation of renal mesangial GLUT-1 transporters that allow intracellular hyperglycemia and its complications to persist (58) .
MANAGEMENT OF HYPERTENSION IN DIABETIC NEPHROPATHY GUIDELINES
The essential goals of therapy in the management of diabetic nephropathy are treatment of hypertension and reduction of albuminuria. The presence of microalbuminuria is the first clinical manifestation of renal disease in patients with diabetes. In DM1, once microalbuminuria is established as a persistent feature, it is expected that without treatment 80% of these patients will progress to develop overt nephropathy with macroalbuminuria. Of this group, 50-75% will progress to ESRD at variable rates in the next 10-20 years (left untreated) [59] . Conversely, for untreated DM2 with microalbuminuria, 40% are expected to progress to overt nephropathy, of which 20% will progress to ESRD within the following 20 years.
Hypertension leads to progression of kidney disease and increases CV risk in these patients. In spite of the high incidence of overt nephropathy and ESRD without treatment, pharmacologic lowering of blood pressure was shown to slow progression of kidney failure in patients with DM1 more than 20 years ago (60) (61) (62) . In these studies the addition of antihypertensives decreased the rate of decline in GFR from an average of 1.23 (in 5 out of 6 subjects), 0.94, and 0.91 ml/min/month to 0.49, 0.1-0.29, and 0.39 ml/min/month respectively. More recently, several studies demonstrated the critical role of using drugs that block the RAAS in further slowing progression of diabetic nephropathy (63) (64) (65) (66) . Using stricter BP goals than in earlier studies, DM1 patients on placebo had an average decline in creatinine clearance of 17 mL/min/yr compared to 11 mL/min/yr for patients on captopril (63) . For DM2 patients, irbesartan use resulted in an average decline in Cr clearance of −5.5 mL/min/yr compared to −6.5 and −6.8 mL/min/yr in placebo and amlodipine_groups (65) . These studies demonstrated that the benefit of such therapy could not be explained solely on the basis of blood pressure lowering. Hence, angiotensin converting enzyme inhibitors (ACEi) and angiotensin receptor blockers (ARB) have become standard of care in patients with diabetic nephropathy. We will first review the evidence supporting the effects of these classes of agents on renal outcomes and then discuss the appropriate target blood pressure for patients with diabetic nephropathy.
INHIBITORS OF THE RENIN ANGIOTENSIN ALDOSTERONE SYSTEM
ACE Inhibitors or Angiotensin Receptor Blockers as Monotherapy-In addition to lowering blood pressure, current recommendations include using either an ACEi or ARB as first line treatment of hypertension in patients with diabetic nephropathy. ACEi slow the decline in GFR and prevent increases in albuminuria in DM1 patients with diabetic nephropathy (63, 64) . The Irbesartan in Diabetic Nephropathy Trial (IDNT) and Reduction in Endpoints in NIDDM with the Angiotensin Antagonist Losartan (RENAAL) studies were seminal studies establishing the efficacy of ARBs in patients with DM2 and nephropathy (65, 66) . These studies specified the composite of doubling serum creatinine (Cr), ESRD, and death as their primary outcome, but most benefit came from renal outcomes. IDNT randomized 1715 patients with nephropathy to either irbesartan 300 mg or amlodipine 10 mg, or placebo once daily. The number of composite outcome events was significantly lower in irbesartan compared to amlodipine and placebo. There were significantly less subjects with doubled serum Cr and significantly slower increases in serum Cr in the irbesartan group compared to both amlodipine and placebo, but unadjusted rates of ESRD or death were not different. The final achieved blood pressures in this study were 140/77 mmHg, 141/77 mmHg, and 144/80 mmHg for irbesartan, amlodipine, and placebo. The RENAAL trial studied 1513 patients with DM2 and nephropathy with the same primary composite outcome as IDNT. Subjects were randomized to either losartan (50-100 mg daily) or placebo, and losartan was associated with a lower occurrence of the primary outcome in both the unadjusted and adjusted analyses. Similar to IDNT, there was a significant reduction in the individual end point of doubling of serum Cr, but not death. Contrary to IDNT, the risk for ESRD was significantly lower during treatment with losartan; and in a prespecified secondary outcome hospitalization for heart failure was also reduced by losartan. There was no benefit from losartan regarding composite CV events (detailed analysis included below). The mean arterial pressures (MAP) were not different between groups at baseline or the end of the study, although it was lower in the losartan following a 1-year interim analysis. The final blood pressures in RENAAL were 140/74 and 142/74 mmHg for losartan and placebo.
The IRbesartan in MicroAlbuminuria (IRMA) study evaluated 590 patients with hypertension, DM2 and microalbuminuria and demonstrated that progression to macroalbuminuria was significantly reduced by administration of 300 mg irbesartan compared to placebo (67) . Although the MAP difference was statistically lower in those assigned to irbesartan 300 mg daily as compared to placebo, the study still supported the role of ARB even prior to the onset of overt nephropathy.
Results from trials studying the primary prevention of microalbuminuria have been mixed. Phase A of the Bergamo Nephrologic Diabetes Complications Trial (BENEDICT) (68) randomized hypertensive patients with DM2 and normoalbuminuria to receive either trandolapril, long-acting verapamil (Verapamil SR), combination therapy, or placebo. There was significant reduction in blood pressure in both the trandolapril and combination group compared to placebo, but not for verapamil as compared to placebo. The incidence of microalbuminuria was 10% for placebo, 6.0% for trandolapril, 5.7% for combination, and 11.9% for verapamil. Even after adjustment for systolic blood pressure and diastolic blood pressure, the acceleration factor for progression was significantly lower in the trandolapril and combination group vs. placebo, but not for verapamil vs. placebo. The underlying conclusion was that ACEi based therapy could delay onset of microalbuminuria in hypertensive DM2 patients.
The Randomized Olmesartan And Diabetes MicroAlbuminuria Protection (ROADMAP) study recently assessed the effect of olmesartan, a long-acting ARB, on development of microalbuminuria in hypertensive patients with DM2 and normoalbuminuria. This trial randomized 4,447 patients to olmesartan 40 mg or placebo with a target systolic blood pressure <130/80 mmHg, and it demonstrated reduced risk for microalbuminuria onset among those assigned to olmesartan (69) . More subjects assigned to olmesartan achieved systolic blood pressure goal than placebo (80% vs. 71%), raising the possibility that the observed effect was explained by blood pressure lowering alone. In analyses adjusting for blood pressure control, the risk reduction for new onset microalbuminuria observed with olmesartan persisted.
In contrast to these studies, no benefit of ACEi or ARB therapy could be detected in normotensive normoalbuminuric patients with DM1. This study was unique in that the primary outcome variable was glomerular mesangial volume. The study compared renal biopsy specimens and albuminuria at baseline and after approximately 5 years of administration of losartan, enalapril, or placebo. There was no difference in the mesangial fractional volume per glomerulus amongst the treatment groups. Interestingly, there was a higher incidence of microalbuminuria in the losartan group compared to placebo (70) . Hypertension was more common and blood pressure was higher in the placebo group during the study, while glycemic control was not different. Taken together these studies indicate that ACE inhibitor or ARB administration for slowing onset of microalbuminuria is effective in hypertensive patients with type DM2 but not in normotensive patients with DM1. The Diabetics Exposed to Telmisartan and Enalapril (DETAIL) study (71) demonstrated that ARBs are non-inferior to ACE inhibitors in patients with DM2 and microalbuminuria based on the outcome of GFR decline (non inferiority margin −10 mL/ min over 5 years). However, there was a significant amount of missing data when the results were analyzed.
Integrating all of these results has promoted ACEi and ARB to first line therapy options for hypertension in patients with diabetic nephropathy without any evidence suggesting superior efficacy of active drugs to one another. The mean systolic blood pressure in many groups in these trials was >140 mmHg ( Table 1 ), indicating that, even in the research setting, further blood pressure reduction is possible. A separate discussion of specific blood pressure targets is included later in this review.
ACE Inhibitors and Angiotensin Receptor Blockers as Dual Therapy-Since
ACEi and ARBs individually are renoprotective, questions arose regarding the utility of combination therapy with both an ACE inhibitor and ARB. The principle behind this strategy was more complete inhibition of Ang II, which can be produced through non-ACE pathways. Most older trials studying combination ACE inhibitor + ARB in diabetic nephropathy have had small sample sizes and treatment durations, although the effects were promising. Combination therapy in patients with DM1 and DM2 with nephropathy yielded significant reductions in albuminuria and/or blood pressure (72) (73) (74) and was generally well tolerated. The Candesartan and Lisinoril Microalbuminuria (CALM II) study was a slightly larger and longer study comparing the effects of adding candesartan vs. additional lisinopril 20 mg onto a regimen already including lisinopril 20 mg daily (75). Combination therapy was not different than maximization therapy regarding ambulatory blood pressure, clinic blood pressure, or albuminuria after 12 months (Table 2 ). Of note, not all patients had albuminuria at baseline, and renal function preservation was not different in the 2 groups.
Concerns about this strategy arose with The Ongoing Telmisartan Alone and in Combination with Ramipril Global Endpoint Trial (ONTARGET) (76) . This study tested the hypothesis that among patients at high risk for a CV event, the combination of an ACEi and an ARB would be superior to either agent alone. Importantly 38% of study subjects had DM2, and 13% had microalbuminuria. Overall, there were no differences in the primary end point consisting of stroke, myocardial infarction and sudden cardiac death between groups. However, those randomized to combination therapy had a higher rates of renal impairment and hyperkalemia (serum potassium >5.5 mmol/L). Further analysis of the renal outcomes indicated a more rapid decline in estimated GFR and a higher rate of need for dialysis for acute renal failure episodes during the trial (77). However, there was no increase in the incidence of the need for chronic dialysis in those treated with the combination. When acute dialysis episodes were excluded from the analysis, combination therapy still increased the risk for the primary outcome (doubling serum Cr, dialysis, or death), but not the secondary outcome (doubling serum Cr or dialysis). Furthermore, specific sub group analysis demonstrated that those considered high risk for renal outcomes (diabetes, albuminuria, hypertension) did not receive benefit or harm from combination therapy. Conversely those considered at low risk for renal outcomes had higher incidences of the individual components and composite secondary outcome on combination therapy. Moreover the rate of increase in albuminuria was lower in those assigned to the combination as compared to monotherapy. The authors concluded that combination therapy should not be offered to low risk patients, while the long term effects in patients with diabetic nephropathy require larger studies.
Currently, there are no results from large-scale, multicenter randomized trials powered to study renal or CV endpoints in patients with diabetic nephropathy treated with combinations of an ACEi + ARB. The VA-NEPHRON study is a multi-center prospective, randomized parallel group trial testing the efficacy and safety of ACEi (lisinopril) +ARB (losartan) vs. ARB on the composite endpoint of reduction in GFR> 30 mL/min (if GFR > 60 mL/min), reduction in GFR by 50% (if GFR <60 mL/min), ESRD or death in patients with DM2 and nephropathy (78) . The results are expected in 2013/2014.
Direct Renin Inhibitors in Diabetic Nephropathy-Renin levels are elevated with
ACEi or ARB use and may produce Ang II through non-ACE pathways (79) . Aliskiren is a direct renin inhibitor that lowers blood pressure and albuminuria in patients with diabetic nephropathy (80) . Although this treatment would unlikely replace the current standard of care, its utility as add on therapy requires investigation. When compared to losartan + placebo, the combination of losartan + aliskiren reduced albuminuria in patients with DM2 and nephropathy (81) . Consistent with other studies in similar populations, less than 50% of the subjects achieved the goal systolic blood pressure of <130 mmHg. A similar study compared the effects of aliskiren + irbesartan vs. each medication as monotherapy or placebo (82) . Again there was greater reduction in albuminuria with combination therapy compared to monotherapy in the absence of significant blood pressure differences between combination and irbesartan therapy. These apparent blood pressure-independent reductions in albuminuria are of interest as it remains unclear how these effects will translate into long term renal or CV outcome benefits. The effects on blood pressure of these trials are summarized in Table 3 . Currently the Aliskiren Trial in Type 2 Diabetes Using Cardiovascular and Renal Disease Endpoints (ALTITUDE) study is underway investigating the effects of Aliskiren 300 mg vs. placebo in DM2 patients with CV comorbidities (83) . The primary outcome in this study is a composite of CV death, non-fatal MI, non-fatal stroke, ESRD, and doubling serum Cr. Recruitment is ongoing and expected to close in 2012 with results available in 2013/2014.
Mineralocorticoid Receptor Antagonists in Diabetic Nephropathy-With both
ACEi and ARBs, plasma aldosterone levels are expected to decrease. In some patients on maintenance therapy with these drugs, aldosterone levels increase to pre-treatment levels via the phenomenon of "aldosterone escape." Aldosterone escape occurs in up to 40% of patients on ACEi or ARBs and may contribute to local renal damage, albuminuria increases, and possibly systemic hypertenson (84, 85) . This occurs irrespective of which agent or dose is used (86) . Interest in using mineralocorticoid receptor antagonists (MRA) has been justified by their ability to decrease proteinuria in diabetic nephropathy when used with other RAAS blockers. A small randomized crossover study in DM1 patients with diabetic nephropathy already taking an ACEi or ARB demonstrated a 30% reduction in albuminuria (p<0.001) with 25 mg daily of spironolactone vs. placebo (87) . A significant difference in the 24-hour ambulatory blood pressure was not found, although the daytime ambulatory blood pressure was lower with spironolactone (p<0.02). Another small study including patients with DM1 and DM2 with nephrotic-range proteinuria showed a similar reduction in albuminuria (88) . In this study 24 hour and daytime systolic and diastolic blood pressure were significantly lower with MRA, although nocturnal blood pressure was not different. A larger randomized parallel design study compared the effects of spironolactone vs. losartan vs. placebo as add on therapy to patients with diabetic nephropathy already taking Lisinopril 80 mg daily (89) . There was a 34% decrease in albuminuria with spironolactone compared to placebo and a 17% decrease with losartan compared to placebo. Neither ambulatory nor clinic systolic blood pressure were significantly different between groups. In all these studies, effects on albuminuria were determined to be blood pressure independent. The effects on blood pressure from these trials are summarized in Table 4 . An increased risk for hyperkalemia exists when combining an MRA with other RAAS blocking agents or with combination of ACE/ARB. This risk appears to be related to baseline potassium levels, baseline GFR, and change in GFR during study (90) . Prudent monitoring of patients on multiple agents is recommended to reduce the risk of adverse events.
Additional Experimental Studies-Although optimization of RAAS inhibition is a widely studied strategy for the treatment of diabetic nephropathy, investigators continue to explore the role of inhibiting other systems. The recently published ASCEND study was designed to study the effects of an ET-1 antagonist Avosentan in DM2 patients with nephropathy already taking ACEi or ARB (91) . Using a composite primary outcome of doubling serum Cr, ESRD, or death, the study was terminated prematurely because of increased CV events with avosentan. Pulmonary edema and CHF exacerbations were large contributors to these outcomes. Other strategies involve pharmacologic agents that target pathways that lead to diabetic nephropathy progression that may not involve concurrent changes in blood pressure. These pathways occur locally within the kidney and contribute to fibrosis, inflammation, and other forms of damage.
TARGET BLOOD PRESSURE IN DIABETIC NEPHROPATHY
Follow-up retrospective studies of some of the above trials have allowed for more detailed analyses addressing specific blood pressure effects on renal and CV endpoints. Current KDOQI guidelines recommend a blood pressure of 130/80 mmHg in patients with diabetic nephropathy. Despite these recommendations, achieving this goal remains difficult. Recent survey data of responding diabetic patients indicate that 51.4% had hypertension, 85.2% were taking antihypertensives, but only 35.8% had blood pressure controlled to < 130/80 mmHg (92) . Studies in patients with diabetic nephropathy have also demonstrated difficulties, particularly with meeting systolic blood pressure goal, even with regular visits to specialized clinics (93).
The optimal blood pressure level for preserving kidney function and preventing CV catastrophes in patients with diabetic nephropathy has not been determined because there are no adequately powered long-term trials designed to make such determination. Still, some helpful information can be gleaned from post-hoc analyses of completed trials. In the IDNT study, there were no between-group differences in CV or all cause mortality. The target blood pressure was 135/85 mmHg, with 30% achieving the systolic goal and 81% achieving the diastolic goal. Retrospective analysis (94) showed that when divided into quartiles, lower baseline systolic blood pressure (lowest quartile <145 mmHg) and lower follow up systolic blood pressure (lowest quartile <134 mmHg) were associated with fewer renal endpoints. Conversely, in those with systolic blood pressure < 120 mmHg, overall mortality risk increased. Though the number of subjects with systolic blood pressure <120 mmHg was small, the increased risk for CV death compared to those with systolic blood pressure >120 mmHg persisted even after adjustment for baseline comorbidities. Among those with systolic blood pressure >120 mmHg, CV death risk increased with each 10 mmHg systolic blood pressure increase, but this was not so for stroke or nonfatal MI. On the other hand, diastolic blood pressure <85 mmHg was associated with an increased CV mortality risk with each 10 mmHg reduction. Myocardial infarction events accounted for much of this effect, while there was decreased risk for stroke. The overall conclusion was that the target blood pressure of 120/85 mmHg offered the most protection for both renal and CV endpoints.
These results differ from findings in the recently published blood pressure portion of the Action to Control Cardiovascular Risk in Diabetes (ACCORD) Study (95) . In this study, subjects with DM2 at high risk for CV events were randomized to either intensive blood pressure management (systolic blood pressure <120 mmHg) or standard blood pressure management (systolic blood pressure <140 mmHg). There was no difference in the number of CV events between groups, although the actual event rate in the standard treatment group was less than half of that planned in the study design. Subjects with serum Cr >1.5 mg/dL and proteinuria >1g/day were excluded from the study, which limits its generalizability for those with diabetic nephropathy and may explain the lower than expected outcome rate. Despite these negative results, the risk for non-fatal and total stroke was reduced in the intensive management group.
Retrospective analysis of RENAAL provides additional perspective for establishing a goal blood pressure (96) . When the composite primary outcome, the risk of ESRD, and the risk of ESRD or death were analyzed using systolic blood pressure <130 mmHg as a reference, baseline systolic blood pressure >160 mmHg and follow up systolic blood pressure >140 mmHg had significantly higher hazard ratios for all outcomes. Baseline diastolic blood pressure did not affect these outcomes, but follow up diastolic blood pressure >90 mmHg (compared to reference <70 mmHg) carried a higher risk for all outcomes. Baseline and follow up pulse pressure (PP) >70 mmHg carried a higher risk for all outcomes, while follow up PP >60 mmHg carried a higher risk for the composite outcomes (doubling Cr/ ESRD/death or ESRD/death), but not ESRD alone. In contrast to post-hoc analysis from IDNT, this analysis did not report individual CV endpoints . Therefore, it is difficult to glean the optimal blood pressure level for preservation of renal function and minimization of CV events among patients with DM2 and nephropathy from this analysis.
The Action in Diabetes and Vascular Disease: preterAx and diamicroN-mr -Controlled Evaluation (ADVANCE) study included 11,140 patients with DM2 and other CV risk factors (including 26% with microalbuminuria) randomized to a combination of an ACEi/ thiazide diuretic or placebo. The incidence of new onset microalbuminuria, macroalbuminuria, doubling serum Cr, or ESRD when controlled for treatment group was reduced as systolic blood pressure decreased, even down to a systolic blood pressure of 106 mmHg (97) . The primary outcome of the main study (composite of incidence of macrovascular and microvascular disease) occurred in significantly less subjects in the intervention arm (not significant as individual endpoints), however a similar analysis based on achieved blood pressure was not reported. The results of this study should be considered in the context of a broadly heterogeneous group of type 2 diabetics (most without nephropathy), but suggest that no lower limit for systolic blood pressure exists with regard to renal outcomes.
ALBUMINURIA REDUCTION IN DIABETIC NEPHROPATHY
Reducing the amount of urinary albumin excretion is another goal in the management of diabetic nephropathy. Regardless of the antihypertensive agent used, lowering blood pressure results in a decrease in albuminuria. As mentioned above, RAAS blockers are first line therapy because of their ability to reduce albuminuria independent of blood pressure reduction compared to other antihypertensives. As more is learned about the intrarenal mechanisms that contribute to disease progression via glomerular hemodynamic disturbances and generation of fibrotic/inflammatory mediators, effective therapies that lack antihypertensive effects are expected to emerge. Albuminuria remains a surrogate end point for progression of diabetic nephropathy linked to blood presssure control. Retrospective analyses associate albuminuria with CV outcomes in the general population and in diabetic nephropathy. At present, we do not have a study that randomizes subjects to specific albuminuria targets and has CV or all cause mortality as a primary endpoint. In the future the optimal blood pressure goals with therapies targeting local renal factors associated with albuminuria will need to be clarified. These are important considerations, but remain beyond the focus of this review.
GENERAL RECOMMENDATIONS
Improved blood pressure control in diabetic nephropathy often requires multiple antihypertensive agents. Starting with an ACEi or ARB incorporates an evidence-based strategy addressing both blood pressure lowering and albuminuria by targeting the effects of Ang II. Using either loop or thiazide diuretics (loop diuretics administered at least twice daily are preferred for those with GFR <50 mL/min) not only addresses volume sensitivity, but also minimizes the risk for hyperkalemia with RAAS blocking drugs and enhances their antiproteinuric effects. Adherence to a low sodium diet is also recommended based on this principle. We know of no outcomes trials focused on dietary sodium intake or diuretics or their combinations on the progression of CKD in diabetics. The emphasis on salt retention is based on the fact that salt retention contributes to hypertension that may in turn accelerate decline in kidney function.
Other non-RAAS inhibiting drugs do not offer any additional renal benefits beyond overall blood pressure control in diabetic nephropathy, and the decision of which additional agents to use should be based on the individual patient's comorbidities. The Avoiding Cardiovascular Events Through Combination Therapy in Patients Living With Systolic Hypertension (ACCOMPLISH) Trial demonstrated that a combination of ACE inhibitor + CCB (amlodipine) resulted in slower progression of CKD in patients with high CV risk compared to ACE inhibitor + thiazide diuretic, but there was no difference when patients with pre-existing diabetic nephropathy were analyzed (98) . Beta blockers should be used when coronary artery disease or compensated congestive heart failure are present. Calcium channel blockers may be utilized prior to beta blockers if no significant CV disease is present. Additional agents including clonidine, vasodilators (hydralazine and minoxodil), and alpha-blockers remain options in those with persistent hypertension. The concept that thiazide diuretics may complicate glycemic control should be considered, although recent evidence suggests that this association is related to the treatable hypokalemia associated with thiazide use (99) . Using the above recommendations including maximum dose Lisinopril resulted in achieving a systolic blood pressure <130 mmHg in over 70% of subjects (composed predominantly of African American and Hispanic subjects) during the run in period of a recent clinical trial (100).
We recommend for those with BP under 130/85 and persistent macroalbuminuria careful attention to optimize glycemic control, dietary sodium intake < 2000 mg daily, and 0.8 g/kg/ d protein diet while on single agent RAAS inhibition. Also, addition of an ARB or an MRA may be valuable for lowering proteinuria based on above mentioned studies and a metaanalysis (101) but has not been proven to prevent kidney disease progression and cannot be recommended at this time. Moreover, such combinations increase the risk for hyperkalemia. The results of the ALTITUDE (ACEi or ARB + DRI) and VA-NEPHRON (ACEi + ARB) will be met with great anticipation. It will be of paramount importance to identify whether the same findings that were found in retrospective analysis of IDNT (94) regarding the trade-off of improved renal outcomes with increased CV outcomes in the group with the lowest SBP will remain when dual RAAS inhibition (and likely further albuminuria reduction) is used in VA-NEPHRON and ALTITUDE. If these regimens do fall into favor, their utility will likely be focused on the antiproteinuric effects based on previously reviewed evidence using these combinations suggesting only modest reductions in BP (75, 82, 87, 89) .
CONCLUSION
Diabetic nephropathy is the most common cause of kidney disease in patients with diabetes. Hypertension is highly prevalent in patients with type 1 and type 2 diabetes and nephropathy. Mechanisms of hypertension in diabetic nephropathy include activation of local (renal) RAAS, increased or abnormal SNS activity, ECD, oxidative stress and abnormal NO metabolism. These mechanisms are responsible for the onset and worsening of hypertension in this population and contribute to the increased risk for adverse CV outcomes. The current management of hypertension in diabetic nephropathy should include therapies that block the angiotensin production or action and blood pressure treatment goals with these drugs should be aimed at a blood pressure <130/80 mmHg. Importantly achieving this goal will require both non-pharmacologic intervention combined with multiple antihypertensive drugs. Current studies are investigating the use of combination therapies that utilize more than one RAAS blocking drug, and formal recommendations await their results. The mechanisms of hypertension in diabetes and kidney disease are mutlifactorial and largely mediated by increased vasoconstriction and increased extracellular volume. The initial disturbances of diabetic nephropathy involve local renal damage mediated by metabolic effects from uncontrolled hyperglycemia seen in both Type 1 and Type 2 diabetics. This is compounded by hemodynamic effects from increased RAAS and impaired afferent arteriolar autoregulation. An individual's susceptibility to renal disease is likely determined in part by genetic make-up, as well. Over time, this local renal damage results in decreased GFR and albuminuria. As GFR is reduced, there is further impairment in sodium excretion resulting in increased extracellular volume. Additionally, oxidative stress is increased in CKD patients, leading to endothelial cell dysfunction and vasoconstriction. There is elevated renal RAAS activity and Ang II, with possible contributions from decreased ACE 2 and increased ACE activity. Ang II increases renal sodium reabsorption via direct actions on the kidney and indirectly via aldosterone release. Systemic RAAS is not appropriately suppressed despite the increased extracellular volume. Ang II increases vasoconstriction via increases in oxidative stress through induction of NADPH oxidase and directly via binding to VSMC. The presence of increased SNS activity seen in both DM1 and DM2 as a form of autonomic neuropathy increases vasoconstriction, as well as contributes to impaired glucose tolerance/ insulin resistance (DM2), which itself is associated with ECD. Under normal circumstances, NO is produced by eNOS on the endothelial cell using Larginine as a substrate and tetrahydrobiopterin (BH4) as a cofactor. eNOS is inhibited by asymmetrical dimethylarginine, which itself is inhibited by DDAH. The vasodilating effects of NO is balanced by the vasoconstricting effects of Angiotensin II and Endothelin 1 on the Vascular Smooth Muscle Cells. Under circumstances of oxidative stress, ROS interact with 1) BH4, resulting in decreased activity of eNOS and decreased NO production; 2) DDAH, resulting in accumulation of ADMA and inhibition of NO production by eNOS; 3) NO itself, resulting in production of the peroxynitrite radical and further ROS. ET-1 and Ang-II increase ROS production via NADPH oxidase. The cumulative effect favors vasoconstriction. 
